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THE EVALUATION OF DECISION-RELEVANT ATTRIBUTES 
OF A PUBLIC SYSTEM OF RICHER EDUCATION* 

A 

James S. Dyer, Consultant 
The Rand Corporation, Santa Monica, California 

This paper will summarize the empirical results of an evaluation 
of decision-relevant attributes of alternatives for the expansion of 
the public system of higher education in Texas. The actual numerical 
results will be presented as an example of the nature of the informa- 
tion which may be obtained from a similar analysis. However, the em- 
phasis of this paper will be placed on the methodology involved in de- 
riving the results and their Implications for decisionmaking. 

The analysis of an operating system requires that the broad objec- 
tives of the system be decomposed Into Implied sub-objectives, goals, 
or attributes. This process of sub-division should continue until a 
level is reached which may be associated with reasonable, preferably 
quantifiable measures of performance or M ef fectiveness Alternative 
system modifications nay be compared by computing their expected im- 
pact on these attributes. The resulting information may be synthesized 
in order to reduce the amount of information presented to the decision- 
maker * 

*Any views expressed in this paper are those of the author. They 
should not be interpreted as reflecting the views of The Rand Corpora- 
tion or the official opinion or policy of any of its governmental or 
private research sponsors* Papers are reproduced by The Rand Corpora- 
tion as a courtesy to members of its staff. 

This paper was written for presentation at The Institution of 
Management Science meeting in Los Angeles in October 1970. 
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The problem of identifying the objectives of education has been 
dealt with conceptually by several authors from several different view- 
points.^ However, the actual results of attempts at estimating the 
implied performance measures or attributes are seldom presented. While 
estimates have been made of individual attributes, such as economic re- 
turns to the individual or the impact of education on a nation's GNP, 

these results are generally provided on the basis of their merit as 

( 2 ) 

individual items of interest. In this paper, similar results will 
be derived in relation to their potential Impact on the evaluation of 
alternatives. 

The first section of this paper will present the general frame- 
work for the analysis. The second section will be devoted to the es- 
timation of relevant attribute values associated with the obtalnment of 
a college education by a citizen of a state. This information will be 
corilncd with other data in the estimation of the incremental effects 
associated with two alternative plans for the expansion of the public 
system of higher education in Texas. The results of the analysis 
will then be summarized and evaluated. 

FRAMEWORK OF THE ANALYSIS 

This study represents an attempt to identify and estimate those 
atttibutes of a system of public higher education which would be of 
relevance to decisionmakers representing the Interests of a state; 



^The results of this paper are based on the discussion of the 
objectives of higher education presented in James S. Dyer, "Measures 
of Effectiveness in Higher Education, 1 ' Working Paper 69-47, Graduate 
School of Business Administration, the University of Texas at Austin, 
presented at the TIMS XVt International Meeting, March 26, 1969. 

^See the excellent bibliography in Klaus Hofner, "Economics of 
Higher Education and Education Planning— A Bibliography Socio^ 

O Economic Planning Sciences, Vol. 2, No. 1, October 1968, pp. 25-101. 

ERIC 

tJ 



- 3 - 



e#g., a state legislature and/or a board of public higher education. 

The primary factors which are considered relevant in this situation 
\ ate estimates of the effects of alternative designs on the citizens 

of the state, direct costs and returns to the state, and indirect ef- 
fects on the state economy. For convenience, the attributes may be 
dichotomized into two groups, "costs 1 * and **benefits . " "Benefits 11 will 
be used in reference to those effects of higher education which are 
generally conceded to be of positive worth to the state, while attri- 
butes of negative worth will be referred to as "costs." The use of 
this terminology does not imply that an attempt will or should be made 
to express all of the benefits and costs in terms of dollars. 

The first section of the analysis deals with the identification 
of the -costs and benefits associated with the graduation of one student 
from a public system of higher education. These data will be based on 
incremental costs, but on average return figures. The Implicit assump- 
tion is made that the "quality" of the students who graduate from the 
system would not be affected significantly by the alternatives which 
are under consideration, Thus, this method would not be applicable 
to the evaluation of different teaching techniques unless the results 
in terms of student learning can be assumed constant, and the costs 
are the only question of relevance. The elimination of this limitation 
would require the development of test instruments which could differ- 
entiate among the results from different forms of education. Evalua- 
tion of thse differences would provide additional difficulties. The 
costs and benefits which are discussed will be grouped according to 
the categories shown in Table 1. 
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Table 1 



TAXONOMY OF BENEFITS AND COSTS 



Benefits 

Returns to the Individual 
Returns to the State 

Returns to the State from Increased Tax Revenue 
Returns to the State Economy 
Non-economlc Returns 



Costs 



Costs to the Individual 

Direct Costs 
Opportunity Costs 

Costs to the State 

Direct Costs 

Construction Costs 
Operating Coats 

Coats to the State from Foregone Taxes 
Coats to the State Economy 
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The assumption that the quality of the educational outputs will 
not be significantly affected by the alternatives under consideration 
implies that the costs and benefits associated with different alterna- 
tives may be estimated indirectly from their anticipated impact on stu- 
dent enrollments. Incremental enrollment estimates may be projected 
into expected graduates. The costs and benefits associated with a 
graduate from the public system of higher education may then be multi- 
plied by the incremental graduation figures to obtain estimates of 
associated costs and benefits for each alternative (see Fig. 1). This 
process will be illustrated in the following sections. 

COSTS AND BENEFITS ASSOCIATED WITH A COLLEGE GRADUATE 
This section will analyze the benefits and costs associated with 
a graduate from a system of higher education. The benefits* or ex- 
pected returns, will first be considered. This analysis will deal with 
the estimation of returns to the individuals participating in higher 
education and the associated, expected returns to the State of Texas 
from this participation* Similarly, the costs of higher education to 
the individuals and to the State will be estimated* 

Returns to the Individual from Higher Education 
A portion of the cost of education can be considered as an in- 
vestment in the human capital represented by the student. The return 
to investment can be broken into two components, private and social. 

The relevant private return consists of the higher present value of 
the expected income stream received by the student as the result of 
his education, as well as noneconomic benefits accruing uniquely to 
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the individual. The social returns represent benefits to the society 
as a whole or, relevant to this example, to the State. The economic 
return to the individual from a four-year institution of higher edu- 
cation will be considered in this section. 

Several attemps have been made to estimate the economic benefits 

of a four-year college education to individuals. These studies are in 

agreement on the conclusion that persons with a college education have 

higher expected lifetime earnings than those who do not attend col- 
(3) 

lege. However, the proportion to be allocated to education as the 
"cause’' of the difference is not clear. For example, students atten- 
ding college tend to be those who have displayed more ability in ele- 
mentary and secondary schools. The greater ability of those attending 
college may cause a positive bias in the differentials between educa- 
tional achievement and expected income. 

The data which were used in this study were obtained from the U.S. 
Census and appear in Fig. 2. No attempt was made by the Census to 
adjust this data for the effects of ability. However, at least two 
studies have suggested that the adjustment for ability can be approxi- 
mated by multiplying the expected income differential between groups 
achieving different educational levels by the constant .6.^* ^ 




(3) 

See Hufner, op cit, and Andre Daniere and Jerry Mechling, 
"Direct Marginal Productivity of College Education in Relation to Col- 
lege Aptitude of Students and Production Costs of Institutions," The 
Journal of Human Resources* Vol. V, No. l t Winter 1970, pp. 51-70. 

(A) 

Burton A. Wcisbrod, External Benefits of Public Education: An 

Economic Analysis, Industrial Relations Section, Princeton University, 
Princeton, New Jersey, 1964. 

^E. F. Denison, "Measuring the Contribution of Education to 
Economic Growth," included in E. A. Robinson anJ J. E. Vaieet, ed.. 

The Economics of Education , St. Martin f s Press, New York, 1966. 
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Mean Income ($) 




MEAN INCOME IN 1966 OF MALE ELEMENTARY SCHOOL, HIGH SCHOOL, 
AND COLLEGE GRADUATES, BY ACE, FOR THE UNITED STATES 

SOURCE: U.S, Census, Current Population Reports. 



Other factors will also serve to reduce the indicated gross ef- 
fects of education on income. The increased income of the individual 
will be reduced in part by personal income taxes. The amount of the 
indlvidual'9 tax will depend on hie total family income and the number 
of exemptions he claims for his dependents. The approximate tax rate 
of the individual may be confuted from the adjusted income figures. 

To obtain a rough estimate, the assumption was made of two exemptions 

until the age of twenty-five, four exemptions from age twenty-five to 

O 
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age fifty, and two exemptions from age fifty to seventy-five. No in- 
come was considered after age seventy-five. 

In addition , a ? percent State sales tax and a 1 percent city 
sales tax must be paid on expenditures in Texas (in 1969). However, 
since the returns to education represent incremental income, a propor- 
tion would be expected to be saved, not spent. Therefore, the expected 
State tax rate was estimated from the allowable deductions from income 
as expressed in the Federal Income Tax Form 1040 instead of by direct 
application of these percentages. These deductions are a function of 
income and display the regressive features of a general sales tax. 

The expected economic benefits to potential students in higher 
education will accrue over the'r lifetimes. Showever, since allocation 
decisions affecting their probabilities of attending institutions must 
be made at the present, the present value of these economic benefits 
should be calculated. Since disagreement exists with regard to the 
rate to use to discount the future income streams, two rates were used. 
The first rate was 5 percent, an estimate of the minimum retun that an 
individual can expect to obtain on savings; the second rate was 15 
percent, an estimate of thr rate that an individual would expect to 
pay if he borrowed the dicounted value of the expected contribution 
of education. The benefits were discounted over the income producing 
life span of the individual, which was assumed to range from eighteen 
years of age to seventy-five. 

Hie present value of the expected economic benefits of higher 
education to the individual were calculated on the basis of the fol- 
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PVRI 



58 

£ (ai c > (.6) g-y (t-p Jt ) 

t«4 /i j. 



where: 



PVRI is the present value of the expected economic 
benefit of higher education to the individual 

is the difference in average wage income between 
those with a college education and those with 
only a high school degree 

t is the time in years since graduation from high 
school 

•6 is the correction for ability 
T is the combined tax rate 

Pjt is the probability of death in year t 

r is the individual's rate of time preference. 



The expected average income was taken from Fig. 2. Although large 
errors are invited by the use of cross-sectional data to approximate 
secular data, the use of a discount rate should reduce the effects of 
errors at later time periods. ^ The approximate tax rate for the Fed- 
eral Income Tax deduction was taken from the current rates. Although 
the tax ra r .e has increased over the past half-century, no adjustment 
was made In the income figures for inflation or increasing wages; this 
should compensate for some of the expected increase in Federal taxes. 
Once again, the discount rate should reduce the effects of errors at 

( 6 ) 

For a further discussion of this problem, see F. S. Pardee, 
et al, Measurement and Evaluation of Transportation System Effective - 
ness , RM-5869-DOT, The Rand Corporation, Santa Monica, California, 
September 1969, pp. 253-257. 
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later time periods. The probability of death at each age was taken 
from a mortality table , ^ The results indicate an expected economic 
return to individuals of $30,839 at a 5 percent discount rate end of 
$5,572 at 15 percent. 

Returns to the State from Higher Education 



RETURNS TO THE STATE ECONOMY 

The economic benefits of higher education to the individual are 
computed above. The benefits for the State economy will not be the 
same. Necessary requirements for equality of the benefits include 
the following conditions: (a) the college-educated individuals do not 

replace other individuals in the work force, or alter their income; 

(b) no other individuals are able and willing to replace the college- 

educated individuals in the work force; (c) in the absence of higher 

education, the work force would not adapt to the labor shortages; (d) 

there are no secondary effects from the increase in income associated 

with the attainment of higher education; (e) the social rate of time 

preference is equal to that of the individual; and (f) the individuals 

( 8 ) 

receiving higher education remain in the State. ' These conditions 
will be considered individually, and the implied modifications will be 
made on the model for computing individual benefits. 



^Samuel M. Selby, ed.. Standard Mathematical Tables , 14th edition 
(Cleveland, Ohio; Chemical Rubber Company , 1964-1965) , p. 583. 

( 8 ) 

* Similar conditions are suggested by Michael E. Borus, "The 
Economic Effect of Retraining the Unemployed: A Study of the Benefits 

and Costs of Retraining the Unemployed Based on the Experience of 
Workers in Connecticut , 11 Yale Economic Essays , Fall 1964, Vol. 4, p. 396. 
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With an economy at less than full employment, there is little rea- 
son to believe that college-educated individuals are displacing other 
persons in the labor force. The continuing long-run demand for indi- 
viduals with a college degree is another indication that existing 
workers are not being displaced, as they are not being recruited for 
the available jobs. However, some jobs which could be performed by in- 
dividuals without a college education may have the policy requirement 
of a college degree; this would reduce the effect on the economy of 
the incremental Income associated with a higher education. The .6 ad- 
justment factor for ability will be used as a conservative compensation 
for this effect. 

In the absence of higher education, there is no reason to believe 
that the work force would adapt to labor shortages. However, employers 
would have the option of reducing the college degree requirements of 
some existing jobs and of increasing on-the-job training. The first 

option, if performance and income were not adversely affected, would 
reduce the economic effects of higher education. The second alterna- 
tive would shift the responsibility for education from public institu- 
tions to private institutions, but the effect of the training on the 
economy would be virtually the same. 

In a less than fully employed economy, such as exists in Texas, 
the Increase in income and presumed increase in production associated 
with a higher education should have secondary effects which will in- 
crease the total benefit to the economy. The Council of Economic Ad- 
visors has estimated that the consumption multiplier is approximately 
two, and that the total transfer multiplier including induced invest- 
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